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Reference: XR 510/8

1. ABSTRACT.

The specific gravity, viscosity, sensitiveness, calorimetric value, and
refractive index of nitroglycerine, triacetin, and mixtures of these, with
and without carbamite, have been detecrmined, Details of methods and results
are recordecd,

2, INTRODUCTION.

The sensitivencss and other physical properties of nitroglycerine,
desensitised with varying amounts of plasticiser, is of interest in a number
of processes, The amount of published information is meagre. It was
deeided to carry out determinations of speeifie gravity, viseosity, scnsitive-
ness, calorimetric value and refractive index on such mixtures. In order
to limit the work, the only desensitiser used was triacetin, Mixtures were
tested with and without 1 per cent carbamite, which for some applications is
required as o stabiliser,

3¢ SPECIFIC GRAVITY,

3ele Mcthod Employed,

Accurate speeific gravities of series of liquid phasc mixtures have becn
obtained by means of a simple pyknometer constructed as shown in Fig. 1,
The liquid was introduced through the side arm A by applying suction to the
side arm B, After being brought to the required temperaturc in a thermostat
bath, the distances between the menisel and the graduation marks M were
measured using a cathetometer. The weight of liquid used was determined,
The instrument was calibrated along the side arms by using various weights of
freshly-distilled watcr, The nitroglycerine and triacetin used were dried
by ovacuation at 0,5 mme of mercury until degassing was complecte,

5020 RCSUltS.
3. 2010 Tri&eetin.
A nuzber of samples of triacetin have been analysed but only the two
samples supplied by Messrs A, Booke, Roberts have been investigated, since

these complicd with the British Standard Specification 2D11 for dircraft
Mgteriale The results of analysis are given in the Appendix.

/The
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The speeifie gravities at 25°C., after vacuun-drying, of the two samnples
obtaincd from Messrs w. Boake, Roberts are given below:-

Sample Datc Rececived Spceific gravity 25°/25°
A February, 1947 1, 1601
B Morch, 1949 1.1578

2,242 Nitroglyecerinc.

The specific gravitios of nitroglyccrine, detcraincd at various
temperaturcs, arc given in Table 1, togethor with valucs alrcady quoted in
the literature (1, 2, 3).

The nitroglyeerinc usecd in the tests now rcported was extraeted fron
dynanite, filtered, and dried by prolonged cvacuation at 0,5 m, of mcrcury,
The sample of nitroglycerine used by W.H. Perkin (1) had been preparcd on a
laboratory sealc and dried in eontact with anhydrous potassiua carbonatc and
phosphorie anhydride, The deterainations by C.G. Jackson (3) had been
carricd out on undricd nitroglyccrinc.

TuBLE 1

Specific Gravitics of Nitroglyccrine

Original' Teuperature (8%
0/0 L/L | 10/20 | 15/15 | 20/20 | 25/25 | 30/30
Currcnt deterainations 1.596 | 1,591 | 1.588
(apporcnt)
W.H. Perkin 1,614 | 1,6066) 1,6009 | 1,5958} 1.5910
Landolt-Bornstein 1.5978
C.G. Jackson 1,618 1.6000
(apparcnt)
(eorrceted for buoyeney)| 1.6173 1.5979
/3023
- 2 -t
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3.2.3, Nitroglycerine, Triacetin and Carbamite Mixtures.

Three series of mixtures werc made up using triacetin, samplc B. The
first scries contained no carbamite and from O to 100 per cent. of nitro-
glyccrine; the second series 1 peor cent. of carbamitc and from 0 to 99 per
cent. of nitroglycerine; and the third series 2 per ccent. of carbamitc and
0 to 98 pcr cont of nitroglyccrinc.

The specific gravitics of thesc werc determined at 25°C. and arc given
in Table 2. In Fig.2 the percentage of nitroglycerinc contained in these
mixturcs is plotted against speeific gravity.

TuBLE 2
Pcroentoge nitro- 100 80,00 |60.33 139,83 { 20,18 !0
glyccrine,
Perecntoge triccetin e 20,00 39,67 |60.17 { 79.82 | 100
Spceific gravity Le59L 1 Lali7h 11a373 | 1a293 § Lo25 | 1,160
2fuzERe,
Perecntage nitro-
glycerine 99.00 79.20 15973 § 394 { 29428 | O
Pereentoge triacetin - 19,80 }39.,2Z7 15957 | 7902 } 99
Perecntage carbanite 1466 - 1.00 1.00 1.00 1.00 | 1.00
Speeific grovity 1,580 L4699 ) 1.375 1 1290t ls22171 L.156
hE 2550,
Pecreentage nitro-
glycerine 98,00 7839  } 5912 §39.02 § 18.¥7 | ©
Percentage triacctin - 19,61 | 38,88 |58,98 | 78.23 { 98.00
Pcreentoge carbanite 2.00 2,00 2.00 2,00 2,00 2.00
Specific gravity i
at 25°¢C, 1.573 | 1.462] 1.,370] 1,288y 1.219) 14156

The speeific gravities of mixturcs containing triaccetin sample o were
determined at nore frequent intervals covering the range of N.G. content
(60 = 100 per cent.) likely to be of intercste Two scrics of uixturecs
were investignted, one containing no carbamite and the other hoving 1 per
ccnte. of coarbaiitc present.

These results are given in Teble 3 and arc plotted as before in Fige e

| /DABLE 3.

- 3 -
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TiBLE 3

Percentage nitro- 100 90, 33 80. 04 70,16 60,10
glycerine

Percentage triacetin | - 9. 67 S 29. 8. 39,90

Specific gravity 1.591 1,532 1.475 1,426 1,581
at 25°C,

Percentage nitro- 99 88.82 78,47 68,98 59,62
glycerine

Percentage triacetin - 10.18 20.53 30,02 39,38

Percentage carbamite | 1,00 1,00 % 1,00 1.00 1.00

Specific gravity 1,580 1,521 1,466 1,420 1,376
at 25°C.

S

3.3, Digscussion of Results.

It ¢éan bec scen from Figs.e 2 and 3 that, if the specific gravity of a
mixture is known, the percentage of nitroglycerine present can be cstimoted,
within 02 pcr cent, when the proportion of carbamite prescent is unknown,
but between O and 2 per cent. The curves lic closcr togecther for mixtures
containing a higher proportion of nitroglyccrine so that greatest accuracy
can bc obtained for mixturcs most likely to be required,

Simple chemical methods arc cstablished for the quantitative
determination of carbamitec, The control procedurc for making up de-
sensitised nitroglycerinc on a production scale would thercforec be, first
to dissolve the carbamite in the triacctin, (considerable stirring is
required to cffcct complete dissolution) and to hold this mixture in a large
stock tank and check the composition by analysis., When cleared for use
the desensitiser would be drawn off as requircd, and mixed in measurcd
proportions with nitroglycerine. Stirring by a hand-operated wooder paddle,
or by air agitation, is sufficient for this stage, «fter mixing, the final
composition of each batch of liquid can be recadily checked, on the site,
by hydrometer.,

Lo VISCOSITY,
L,1, HMcthod.
The viscositics mcasurcd fell within the range covered by a No, 2,

British Standord U-tube viscomcter which was calibrated with sucrosc
solution.

/e 26

3 0
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Le2. Results,

Le2,1e Viscosity Tcmocrature Coefficicnts of Nitroglycerine
and Nitroglycerine-=Triacetin Mixtures.

The viscositics of purc nitroglyccrinc and of a mixturc of approximately
cqual proportions of nitroglycerine and triacctin were measurcd over the
rangc of temperaturce likcly to be practicables  The results are shown below,
together with the calculoted temperaturc coefficient of viscosity, and aro

rcepresented grophically in Fig, 4.

T.BLE L

Purc Nitroglycerine

Temperature 0, = 1t 15 20 25 30 35
Viscosity, ccntistokes = v|30.95 |23.39 | 17.37 | 13,69 | 10,78
Temperature Range °C. 15 - 20| 20-251] 25 =30} 30 - 35

dy/dt -1,51 -1,20 -0.73 -0.58

L3IE 5

Nitroclycerine 50,03 pcr ccnt plus Triccetin 49,97 per cent

Temperaturc “Ce = t 15 20 25 30 35

Viscosity, ccntistokes =v{41.,09 129,58 | 20,88 16,01 | 12,16

Temperature Range Ce 15 - 201 20-251 25 - 30{ 30 - 35
w/dt -2,30 -1, 7k -0, 97 =077
/e 224
- 5 -
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Le2.2, Variotions in Viscosity of Samples of Triacctine

The viscosities of samples 4 and B supplicd by Messrs a, Boake, Roberts
were measured and the following figures obtaincd:=-

Sample Viscosity, C.S., at 25°C,
L 1he9
B 1349

e 2030 Viscosity of Nitroglyccrine and Triocctin Mixed in
Various Proportions,

Nitroglycerine was mixed with various proportions of triacetin (i)
samplc & and (ii) Sample D ond the viscositics moasured at 25°C.  The
figures obtained arc given in Table 6 below and Fige5 shows the variation
of viscosity with thc proportion of nitroglycerinc prescnta

TALIE 6

Viscosity of Nitroslyccrince=-Triccctin Mixturcs

Pcrcentoge 0 20,18 | 39483 | 49,94 | 60433 8C.Od 100
nitropglycerine
Pcrecntage tri- 100 79,82 | 60,17 | 50,06 | 39,69 | 20,00] 0

acetin sasple &

Viscos%ty oehtiatakes | 15,91 Li.L 41 20,0 - 21,6 1 20,2 18,6 {il/ek
at 25-C,

Percontoge 0 50,03] 60,10} 70,16} 80,04 | 90,33} 100
nitroglyccerine "
! Pereentage tri- 100 L9La 39.9011 29, 81 19,9611 Gy {0

acetin sauple 3

Viscosity contistokes|- 14,9 | 20.8 | 2.3 | 20,1 | 19.0 | 18.0 | 17.4
2t 2505

Tl Be

r
- D =
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L.3%, Discussion of Results.,

The viscosities of nitroglycerine and also of nitroglycerine-triacetin
mixtures have large temperature coefficients, so that resistance to flow
decreases 2,8 to 3.4 times when the temperaturc is raised from 15°C. to 35°C.

The viscosities of triacctins which complies with Specification 2D11
may vary considcrably from samplc to sample.

The viscositics of mixtures of nitroglycerine and triacetin are higher
than calculatcd proportionally from the viscosities of the components, due

to molecular association.

Maximumn viscosity is obtaincd with approximately

equal proportions of nitroglycerine and triacetin, The small proportions

of carbamitc rcquired for stabilisation have little effect on the viscosities
Rate of flow is a function of viscosity, and the temperaturec
cocfficicnts of viscosity arc such that rate of flow through a ngcn channcl

of the mixturcs,

is increased thrce-fold by raising the temperaturc from 15

S, to 35°C. PFar

practical mixtures containing morc thoan 50 per cent. nitroglyccrine the higher
thc proportion of nltroglycerlno the lower the viscosity. Olight contamination
of the liquids investigatcd leads to cpprecioble deviontions in viscosity, so
that this property is unsuitablc for control tcsts.

5 SENSITIVENESS.

5e«1ls Mcthods cmployed,

Impact test mcasurcments werce carricd out by Cifea.Rey, Woolwich ond
acasurcients using the cavity impact mcthod werc made by CeS., E.R.D.E.,
Wolthan wbbey. 411 samples hod been previously dricd by prolonged

evacu..tion,

5«2+ Results,

The figurcs obtained for inscnsitivencss, by C.S.a.R. on the Rotter
Impoct Mochine, are given in Table 7.

T.BLE 7

Perccntage Ccoaposition Figurc of Insensitiveness
Nitroglycerinc | Triacectin { Carbanite PL = 100

100 - - 13
99.0 - 1.0 i
90.0 10,0 - 31
89. 2 9.8 1,0 o
80,1 15959 = 100
7943 19.7 %0 100
60, 3 397 = 120
59¢7 39¢5 1.0 120

-7 -
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By the same acthod the following figurcs arc cobtained as standords: -

Picric acid

D.E.G.N.

C.E.

100
126

56

Results dbtained by C.S., E.R.D.E,, using the Bowden Fall-Homer Covity=-Impact
Machine ore given in Table 8,

T.BLE 8

Percentage Couposition

Maxizaua cnergy at
which no explosions

Minimua encrgy
at which 100%

Nitroglycerine | Triacectin | Carbanite occurred cxplosions occurred

100 - - 125 crgse 500 crgs.

99,0 - 1.0 1125 S 5OQ.

90.3 9.7 = L7HRat 25250t

86,8 10.2 1.0 1,000 " Fy000 "

80,0 20,0 - > 4,000 " i

7845 20.5 1.0 ¥ L 000 " " v

e Discussion of Results. &

Mixtures containing up to 80 per cent. nitroglycerine mey be hendled with
about the sane degree of safety as Del.GeNe. or picric acid and mny therefore
be used on a production scale with no =wore risk than arises in the handling of

D.E.G.N.

6e CuLORIMETRIC V..LUE.

6,1, Methods,.

All measurenents were carried out by CeSe.a.Re, Wcoliwich,

The calorimetric values of mixtures of nitroglycerine, triacetin and
carbamite have not been determined directly because these mixtures cannot

be ignited satisfactorily in the calorimetric bo:ub.

also, a residuec

is left in the bomb when cordite is burnt in contact with liquid triacetin,

It was found that satisfactory detcraminations could be :zade with gels
produced by mixing nitrocellulose (12,Z@ N) with the desensitised aixturc
under cxoaination, and the following procedure was thereforc adopted.

e B

CONFIDENT L.l
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Nitrocellulose (12,2 N) was weighed into a specimen tube 2 inches long
and 3/4 inch diameter and dried to constant weight. The liquid was added in
vacuo, so that a fairly homogeneous gel was obtained, and the weight of added
liquid was determined. The tube containing the gel was loaded directly into
the boumb; theg water ecquivalent of the glass container was allowed for in the
calculation,

642s Results.

IABIE 9
Percentoge Composition Cals/ ] Intrinsic cooling ’
Nitroglycerine | Nitrocellulose | Triacetin | Carbamite} gram | Figure for triacetin
12,2 N W.L. | Cols./2% added
B 75,07 21,83 - BTN
73462 25, 6L = O 74 1507
66433 25,31 7461 0.75 | 12% 10,0
58,02 26,06 15.18 0.74 | 1080 10.1
52,22 24e 30 2272 % 0.76 869 10,8
Mha62 25.19 29,146 0.75 | 8.6

6+3e Discussion of Results,

The intrinsic cooling figure for triacctin obtained by this method does
not agrec with the figure 12.8L gquoted in U.S. reports. The result of the
last determination (737 calse/gme) would be vitiated by methone formation etc.
and should be ignored,s wn average figure of 10,3 calories cooling for one
.per cent. of triacectin may be takene.

7. FEFRACTIVE INDEX.

It was decided that, since the chemical compositions of the ingredients
used in the mixtures may vary slightly refractive index measurement would
have no uscful application,
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